We have studied the accumulation of peptidyl hydroxyproline in the pericarp of developing maize (Zea mays L., Golden cross Bantam sweet corn) kernels. Although this hydroxyproline accumulates throughout development, it is most soluble and its content per milligram dry weight greatest at midmaturation stages of development. Salt-soluble proteins containing this hydroxyproline from isolated cell wails of developing kernels were fractionated on a CsCI density gradient and on a Chromatofocusing column, resulting in the purification of an hydroxyproline-rich glycoprotein, PC-1. PC-1 is a basic protein of approximately 65 to 70 kilodaltons in molecular weight with an isoelectric point of at least 10.2 and a density of 1.38 to 1.39 in CsCl. Amino acid composition data indicate that it is rich in hydroxyproline, threonine, proline, lysine, and glycine.
Because of the evolutionary distance of monocots and dicots, differences in cell wall structure between them are likely. As might be expected, the glycoprotein abundance in primary walls differs between dicots and monocots (especially as represented by the-graminaceous cereals), but these differences are not well studied and understood (11) . Analysis of cell wall proteins in dicots has suggested possible roles of structural proteins and wallassociated enzymes in growth, development, and defense (16, 20) . Similar types of studies with monocots will be equally informative.
A structural protein component, extensin, has been characterized in primary walls of several dicot species (16, 20) , and molecular biological studies of its expression have begun (20, 23) . Extensin is an important component of the cell wall matrix, comprising in some species as much as 18% of the wall's mass (15) . A salt-extractable monomer extensin has been isolated from aerated carrot disks (21) . This has allowed the characterization of the protein and carbohydrate moieties of the monomer (21, 26) as well as a determination of the time course for its insolubilization in the wall (8) . In attack and wounding (6, 18, 19) . But just how these rod-like extensin molecules fit into the polysaccharide matrix, become insolubilized, or are involved in defense remains to be elucidated (7) .
To understand better the role of these interesting cell wall glycoproteins, a study of their similarities and differences and of their developmental regulation in divergent plants is necessary. We used pericarp tissue for this study because it is an important protective tissue and because seed coat/pericarp tissue in many species had been reported by Van Etten et al. (25) Purification of an Hydroxyproline-Rich Glycoprotein from Maize Pericarp Cell Walls. Pericarp tissue was peeled from developing maize seed and separated manually from the aleurone layer. Walls were prepared as described in "Materials and Methods," and proteins were extracted and fractionated as shown in Figure  1 . Peptidyl hydroxyproline content of pericarp was approximately 2,tg/mg dry weight of prepared walls in kernels harvested at 18 to 20 (and also 25-30) days after pollination. The salt extract of prepared walls contained 67% of the total peptidyl hydroxyproline (Table I) determined by SDS-PAGE (Fig. 2A) . The apparent mol wt of these proteins are >200 kD, a smear at 60 to 70 kD that contains at least two proteins, 45, 28, 26, 23, and 22 kD. When the CaCl, extract was subjected to CsCl density gradient centrifugation, peaks of peptidyl hydroxyproline were observed at densities of 1.40 to 1.42, 1.38 to 1.39, 1.32 to 1.33, and 1.28 to 1.30 (data not shown). Proteins in the hydroxyproline peak observed at density 1.38 to 1.39 were pooled and subjected to SDS-PAGE and cationic neutral gel electrophoresis (Fig. 2, B and C) . This fraction contained at least two proteins. No mol wt estimation can be made for proteins run in this latter gel system since cationic neutral gels separate proteins on the basis of charge as well as mol wt (22) . The larger protein ran as a tight band in the SDS-PAGE system but as a smear on the cationic neutral gel suggesting that it is not a highly basic protein. The smaller protein(s) runs as a diffuse band in the SDS-PAGE system, but on the cationic neutral gel this protein(s) is a much tighter band indicating that it is a basic protein. Note also that extensin and deglycosylated extensin run as tight bands on the cationic neutral gel. As is evident from these gels, the CsCl density gradient did not yield a pure protein preparation, therefore another system was sought to separate the wall proteins into homogeneous fractions.
In subsequent experiments, the CaCl, extract was desalted and concentrated on an Amicon filter. The concentrated protein was applied to a Chromatofocusing column and eluted with a basic pH gradient (Fig. 3) . Several protein peaks resulted from this procedure as determined by absorbance at 280 nm. We have further characterized only peak 1 from this profile (Fig. 3) . This peak contained a single protein that migrated on an SDS gel at a position of 65 to 70 kD mol wt and was called PC-1 (Fig. 2A) . It was eluted at pH 10.2 to 10.25 (also the void volume of the column) and contained hydroxyproline (by chemical assay). Other protein fractions from the column were not assayed for hydroxyproline. An SDS polyacrylamide gel similar to the one in Figure  2A Table II presents the amino acid composition of several fractions from maize pericarp. The 1.38 density peak of cell wall protein from the CsCl gradient is not only rich in hydroxyproline, but also quite rich in threonine, serine, proline, glycine, and lysine. The first Chromatofocusing column fraction containing a single pericarp protein, PC-1, was even richer in hydroxyproline, proline, glycine, and lysine, but less rich in threonine. For comparison, the final column in Table II shows data of Boundy et al. (1) who extracted hydroxyproline containing peptides from walls of mature dent corn pericarp with 0.3 M trichloroacetic acid at 900C. The amino acid composition of this extract is remarkably similar to the CsCl gradient peak and purified PC-1 isolated from developing sweet corn pericarp tissue with the major difference being in glycine and valine content. These three protein fractions are all rich in hydroxyproline, proline, threonine, and lysine. Ref. 20) . The lectins and AGPs are soluble glycoproteins that are easily isolated from cell membranes, cell sap, or cell walls. On the other hand, the mature cell wall HRGP in many plant tissues is largely insoluble. The role of AGPs and lectins in plants is not known. A structural role has been ascribed to extensin by Lamport (16) because of its localization in the plant cell wall and because of its insolubility.
The plant cell wall is indisputably involved in defining plant form. It is also the site of a plant's primary interaction with the environment. The role of cell wall proteins in establishing form and in mediating environmental interactions is only now beginning to be elucidated. In this paper, we report evidence for HRGPs in the walls of Zea mays, a monocot that is widely diverged from the plants in which these proteins have previously been characterized. Cooper and Varner (8) clearly showed that soluble carrot extensin becomes insoluble in the wall matrix over time, which may be a result of isodityrosine formation in the walls (12) . Our data suggest an analogous pattern in that total peptidyl hydroxyproline accumulates throughout development (Table I) (Fig. 2) . However, both of these proteins focus well on a cationic neutral gel (Fig. 2C) . Although the amino acid composition shows similarities to extensins isolated from many sources (20) , some significant differences are apparent. For example, although PC-1 is rich in hydroxyproline, it is not as rich as several previously characterized dicot proteins.
In addition, PC-1 has a large amount of proline. Carpita (3) found that radioactive proline was incorporated into the walls of maize coleoptiles, with only 24% of it being converted into hydroxyproline. Since PC-1 is richer in hydroxyproline than proline, these results suggest the presence of a proline-rich fraction in the wall. We have seen proline richness by amino acid analysis of wall residue after CaCl2 extraction (EE Hood, JE Varner, unpublished data). PC-1 is much richer in threonine and glycine but has a lower content of histidine, serine, and tyrosine than most of the dicot extensin proteins. It is interesting that the cell wall mannoproteins of yeast are also rich in threonine (30 mol %; 10). Until protein or DNA sequence data are obtained, no predictions about primary sequence can be made concerning maize wall proteins including the existence of Ser hyp4 repeatsthe hallmark of extensin in dicots.
Hydroxyproline is present in seeds of many angiosperms (24). Van Etten et al. (25) found that in most seeds when hydroxyproline was present, it was primarily localized in seed coat or pericarp tissue. Thus, it is not surprising that PC-1 is prevalent in the walls of maize pericarp, a protective and supportive tissue, and not in the endosperm or embryo (data not shown). Cassab and Varner (4), using antibody staining techniques, showed that extensin is localized in the supportive sclerid cells in the soybean seed coat. The results with maize pericarp further support the hypothesis that cell wall HRGPs are involved in adding structural integrity to plant cell walls. Their possible role in environmental interactions for monocots remains to be defined.
As this manuscript was being revised for publication, the data of Kieliszewski and Lamport (13) were published. They have also isolated and characterized a hydroxyproline-and threoninerich protein from Zea mays. In their case, the protein was isolated from suspension-cultured cells, a tissue of uncertain developmental definition. PC-1 and the THRGP described in their paper are rich in the same amino acids except that PC-1 was richer in alanine and glycine. THRGP has a slightly higher content of hydroxyproline, threonine, and lysine than does PC-1.
